Influence of Temperature and Hydrogen Ion Concentration on Time of Set of Silicic Acid Gels in the Basic Region by Pomatti, Renoto Carmen
Union College
Union | Digital Works
Honors Theses Student Work
6-1939
Influence of Temperature and Hydrogen Ion
Concentration on Time of Set of Silicic Acid Gels
in the Basic Region
Renoto Carmen Pomatti
Union College - Schenectady, NY
Follow this and additional works at: https://digitalworks.union.edu/theses
This Open Access is brought to you for free and open access by the Student Work at Union | Digital Works. It has been accepted for inclusion in Honors
Theses by an authorized administrator of Union | Digital Works. For more information, please contact digitalworks@union.edu.
Recommended Citation
Pomatti, Renoto Carmen, "Influence of Temperature and Hydrogen Ion Concentration on Time of Set of Silicic Acid Gels in the Basic
Region" (1939). Honors Theses. 2111.
https://digitalworks.union.edu/theses/2111
ilfiUDWt. Ql 1?R'1Mlmi .Al!Il ~J! ml {JR Ql~IOI O 
Jm Pf ~t !!: m.w:GIR ttaP.!B&.l!i Vfi; lW:~.!1&121 
A.~- E)remaoted to the De~t or ChaiatrT ot 
lcioa Oo:u..g. in p r~ M.fil~t o'f Um ~r_.te tor t. 
The 1rl61a ~~ ot thl raaftil"Ob a.a w detend.wl 
at ot 2Wc1e 401"1 eel• n., f~ .l w.pc;;ra · ..s. ~ 
lJ' · · •lo m nat..u'J'e, t.bd.r K'. raogln1 tro. e.e to .JJ.). 7. • owe 
tb1a lattsu- pl were tcmwi to •e ·~ lmla Un to ut. - • att r o! dqa 
.SU.ieLo ·CC1d c l.Jt ~• bee kn.on. for OYU oee ~ 7~. 
in et1.ca~ c.:d.a or d .. raining dit.tenmt. •t.hoda or ~'" Uaa 
s 
d.ttion WM:le ·•ld.cn 
Uni ot. l, $.ilicic. acid 
cic ld ia '1e:::tewiet n 
• 
l.. 
Tl:ie bl hel" tM ~•ntare, tho tsrte.r la ~ t1Q ot nt. ot the 
eel•· fbo hlJhv Uie »il1- conoa.tn.U , t.htlt ~ f1i.fidl.7 will ta a l t. 
l 
J.aorea~ .llao •WJ ~ pl ~a a • Ye'lf7 •bo.rt tJ. o a t.. Pr • 
Md :&..•U-.c.adt.2 dl~ ed \1-t gelat-ion u atleettd. by th& n o e - 
tro~ t.: ~ n~.leetrol.yt&lf. '!' .Ufl t~lmd t1-t a.-- 
~ ot add ~. · :rd tr-ad Ro mteb 8 .r t. 
duoed. the U.. ot nt. ~ so~ c_ · ~ ~ ettnt .. 
Otbe ~~· ot t~ ;el ave ffJ.so bMu st.ud.1 4 - n elt1 
~ 4U.ri.t~. ~ ot ~- tanei d.w:-1n1 at.Ung, fl"fll,a.'8.1a 
the tdo. eal.ufii~ ot tluid !roll a gel J.t 1• allolfGd. to atand to~ e 
aptn Gt'tflr · & l-.. b at t.U-red in the eu-'J.)' s 
Burd cwd 1.tlt.wr-im' a otu,dyina the ettnt or T..M'lrl>ft 
.. 
e:tature tV• a Un&&r rel.atiolul P• f)lo.1 allow 
Un; obt&ined 1• $(lUll. to An~ue btliat. or aeUT 
t. a, oo rie11 to gel.a U?t!'tn.ttNtt1 
••tu or tot 
&G\itt\1 u. t8.l..l.a bet.ween ttae l.Ud.ts t 
b.eai®.t rcact.iou. 
t.i~q ta sae Yat~e tor tM.s heat ot act1vattoa. 
SiUcio acid gel.a &n1 ••~ to bah u Q? ctN.ctwt gb 
@Leh 1•a ~ .tlo9 witb'Nt t>bstNet.ion. 'Xbi.4s ie. bufd QA tl!la tact t..b&t t 
nleev1eal coudlloti•it.1 ft! tlle 1.iu <iol;f~ not. deor-.ee Y q -.en s tu eel a t .. 
.tista ot e U~di-U~id sve~ nth an ~1d strJtC-tvc.. Thi& 
in the U.1nt ot riw40-1ty 4 elaa~1eit7 Qf t gelc:. At1.ott&r a • c: lbt- 
7 
l~· ~,,. ~poae<i b7 ilutfHlhl.i f/.tq~ tbat tbe llqtU.d I.rt ot tmi· a•l 1 bel.d 
ol" bri.uth ~ ®tt ~did bJ leg u. Thie ~tu.re 
h <ltm~ w1t4 t!:lo aol1d ton.tn a t'ibrow) or 
•Pllttlng out Htw.- tu 1111ic.to aeld •1"111.m; to ton a bigQ' *' te. 
'l"ai.a ••tewlc• get• l04ea .and loa~ r, braneblat; ut to !ona • coat'lex stt'uc- 
hiSiO,s+UAG--7 !\.~1+ ·~ 
Tba ~ t~ tt>r aiUoio ~14 u {51oi}_.{Bt<))81 where• 
bu-e tl:U'i"ercmt, 1n.tepn. ~1~ a • l. and. D< • ~, f"r»: ~1 • we e ol'tbo- 
.,. ~lUelc cc14, -.f3104. tb1ll u 0£ U.. •ill?l.ds &ad•• Rated ftfon, 
t gel aets• lont: ~~ r6 tonad by' e\>m.bmeatMm.. The &od1 ill.c te 
used .u tll6 •£• k-ad U:U t• um&fao~ by i, Phil.adel.pi4e (.laar\a \,;OJIP.fWI'#• 
11.•• .U.ter.t flt "° t.dUc ta .... dil.ut.Gd to ~t. 18 q's l. 1rl a ~ U:t.er 
bo\tl Wit,h thahl;y· <li•Ull-4 n\u uatJ.l u .W.at.J.ott ohta1Ded vilLe no 
tib<mt l .. !6 I •3.\b :re~tt * et~ U.OH. !h.\lt '4.Ucaw aol:~d1on -. t1 tr& · 
-d;th ~ ~c acld. ~- nUV'l. ora.ce ea the 1NU.oat.Qr. 
'?bo e GOJJitia na .m b1 dilu~ 6bt:Jlat aei c.c. or .Ilic glulal 
e to lS u~. ~!ag ~e~ di•t.illod ater ag~ the r~n tor uat 
thte •(';'4:1r af.ld :et ~ ~t hwf been •tl\miinfi me U that. the l.ettt:r 
H\ll.d MY• OOf dianlvti.d ln 1 t, hic.b a ®qtd. U illt1:et. oa 1t 10l u 
.i sfttt1:. ?be norma.U~1 or •• ~ b,r t1 UAg •1th• &rd 
u.~1U1J:t t>hfmn:&.pltthal.i!tin a t. incJ1c11Uior. "l .l.Oli na a~&-ed a.g•Uist 
ttellda:ttt OOl ~Aten bled bnn ata~acd ~~st latl) • r':Otll.t.ltii ilicat.C! 
l.U J a.t..o na l .. O!m .I. 
For t.he ~.10 1'll.ti &a.i0 l"'Wl1Js wat: 
atin by Btin.-.r and mt.ctr .fU"1'cg"fitJ!lldt. to keep t it ra 
t~ t:~t t b6\b.. 1ba toperatur•-. cxmt.roll. aeana ot • •l'OU'I 
• 
• ~ i»x Gd ~:r ~k~d an l ~~. •t. ~ was thal · into 
the e1n1. S~ t o•• bot.Uen tw•ff Wt tor tile 00 J'Utls. T~ 
ti.th p~ttine4 ~a Wld ried uadv oo auov., .?robabq du to the tbick 
-.a.Us of t: bo1Al•-. thiek COJ<ka ad ~ <t1'JAt ~· U$ no etlrri. 
H.b1t:tt.ma in ~e lifottl.ut ta bQttleu bad w be ltd."\ in \- l.UlU· 
Uwa - ., •ttar of • 4Gd •• ~ ~ b.Core the Nlutions 
rP e. lo'lt 16.l• ~ 9 .. 60 rW>.a~ JC beakfla~~ •~• ttaed to hold. 
T e onlp bad w :&!'~ tu ~oo bath# &bw~ 20 td.nute1 Wore: thq 
~~ ot ta. b&tb. 4 tut.a1 voluft of 8G c.e .. Qf the. aol\lt 
ot t 
in uelt ..... In one bMkw wu p~ :I o.o •. Gf 'fOd1.ua 111e•te~ flt1l.f t.k 
ot.~ &I o.e. 14 ~tlllu' r wen ~ ~ ot ¥ ~ Mc 1n •ar.t1n 
lleUUl'«l by g!p•ttea md baftt.t.Ja.,. 
tor dete~ tM tiu ot at. \<. Ultsti d •tbod aa • .l 
gu aa coo•idered at ~ it, cwl.d -~ a &lua Rd lO cm. Ol'lf: ~ ! 
1D di ter t ' ~le ot &b()'U;t. u0 - fJJ0 to 1rbe vert1ca.t.. ~ 
.. 
~r1~,, "the op6luoE.UO o.17 the •1 n 
~~t• ti. Uu t)f aet.. Thia 1o 
to 
to Ciot.urb tho ol too .Uf t..Ul u 1 t se\a 1d. t.I.t pmetur f5 ot a 
rod,. M'tftir t. _ ttwo ~tJJ'.t '1'•r11 i>a<ope;- t~ataW, ~ aoutu wt 
on0 b~ 1Q1,G poured I.Aw ~ otl.ter b_...,r wt.ten coatained \ • li.Ac ... ~ ¥ 
&Ai i.- resu.ttirl& sol. tboroug y 1/d.xed PQlU'iD it e~ ¢m•.i tort NYtrral. 
t.i e. 't ' tJ.M t • ' Vb •tarted JU.\ N thE &l.~W ... inw he 
aol.d solutJ.®. 
ror det•nlnitli the fi1• ot t-· gt1.ll, -~butter 60.iu.ti®a 
1tb th• ~l" i.ndiostor• 1$ • u~ed.. Butter a uti 
to dinctk>.titi pT.ea by CUu'k&. hr rf.\U':!ie 1.a .... , borie. 401 ,. ,Cl., a.o 
ol.ut.J.ona ._.. uaed .. 011• aw« ~'Wm conm.eted ot IV& Boric d plu• IV 
t. 
mt 61.anl'f'ed 1n ett 11~ ot ~ti.Oil,, 1.e • ., U."1048 pai. boric liQ14 em 
l4.9l.2 cu- tel. The othef' stock eolut.1.g ne 1/5 MAO • tor ·t 9 •. 2 ... U 
~,,, • Gdii CU'bon•te, borax butter~ ,..... uaed. mt. Atoek l!tll~Uo ue 
6.~ gu,. or B~1 iU.ttMJ.ved u Ob lltor of eluti.on. Tbe o~ • l9 .. l0 
Pa. of' ~Bfl7..l0 ¥ 'l"Jr' Uta.. for tbe range?.& - 8..4 t:.b& bld1 tor uMMt 
BG .Phe~l.. l'«iJ tor t noge a.o - 9.1 ~l b.1.uf.t 'Ra o.s«t1 r r t 
9.$ • U.Q l.a Votta ~- WU tteett_. !hi. lut ind1c tor p~ ~te dittt- 
l.t to 'WOrk •i:tb. lu the ttr•t part ot tbli :tSl!l&fl, 1 ••• 1 troa 9. ti.a bo t 
J.U.,2, \1* eoioi- ~P tr.:>~ oae butt; r to t~ ot..twr na qu.it.e to ia- 
t1COll$ll. Also buffers 1a t:t.'1$ higher Jt!i-*s nr. ~ to~. Jitl c=..nq 
cf @ou;t, .l - .U JI md:t 1B p:t'®abl.J t.ba but to b U<,;ect.u wit thl.o: --+cM.i• 
tm !H~~ pa · o. Tld. ·· me: \l&~a ,.. gl41it1 e ceetl'Od tor 4-t.Gr 'illiag i)}lf e;. 
lb& ot!'lfl!r electr~de of' tbe 4eU 1~ a oal.o!U!l ttlectr~e. Thia gl a el et.rode 
-one on thG ale t.bu.t Yf4!"/ ~ llbt.ca QC ~ .M94l'at1Ag aolut.1oua 
gtves: ~\eatt.1• which de~ diftctly Q the h.rdro&•n..l.on eoacmt.nt.tou. 
On sol ti•, IQ ~id the --.ll. &la.• bl.llb1: ~11'trl or .l. 11 m.t. a plaeil 
of t;Uinhy~ .. !he ot~ l.utl<.m 1.a tbe m .,_, }lB 1.a to be te.min& 
Ap:p.a.r tl.1 t ~~ ioa: t.tach tll.ea•l• to tbe euae ~ane and t. 
~t 1• ~ted b.1 ~:tot the ion• P!'fUlCllt a ta al.AH electrode. 
f' vol pot t.~ c lJ. uepeswa on th l&tlve eotlft'nt.rauou ot ltfa~c~ ions 
to 
~t..1¥ in · tmit•.. Detore uc1n " 'th at.er :atili U;ae1 • ll'ftrh cal.1;1 .t•- 
tro® •as •-i the in t.rummt Wtta Ubrated &1n$\ a~ ~d 
«C ~t. htttte.r. 
lutten are l!k>l.ut.il)Ua wblch po tHiao the· :e.bi:Uty or ~me·rt,r or n- 
'· 
ot •1!1 or alkat1. It m td 11 ad· Gd to a butter ~1.Unc ot "* uid 
liA end ~of 1\1.t &ltJ.ta .l.l1 the lt'dngtm !cnis el tao U .l\dd .U: roaot 
t- 
ll +A=• 
Xi e albdJ. 1a edded, Utt.le or l10 Chmge a J.)H re ~ e hoc a 
tne h.rttN.-1 iOQ u 11fttru1Hd b1 t a.ow., t: s 
oa +a :::: ¥ +i. 
olu.tt 
1• filled hr a mu. ot ao e ~er:. end tbs :ciolutlon ~ '1' color of 
t.bia ~\lng GOl.u.tlon is «O~d. vi.th tne eolo:rs o'f til Wt .n.. here the 
&ppr()n•tod. ~ ioo •NY tut. ••tt1n:, «• , ~ 
tbe tlu ot &et ami:t. tla pB. 
g.w;.v~ 11tlie«\Nde 11ft$ ta.tt«l g t~ baa.le g a b,r 11.rot.u' but ~ 
UU:lll;QQe O)&,~ with cl.ltc.te, wh1ch clogged up -t:be- poroue ..... or tlle '4ua 
le~a Q1d .-.mi&ll'&d 1\ uecal· a .. 
'· 
Bwb GOr6 &.r£ needa to be ~ 1n 1J4a t:i•W ot det.r.t.dl\lug pate 
ot tbfll bao1o pi$., Litfeeat illi:.U.ueiwra Ot1P,t to be trl.cd. 
t~ ,a drif~ ., ·~ qullt.at.1•.:Ly b7 aot~ l'low the ti or 
t.Nt ~ti= ~h imd - l.ndf.cat.or IA 1t C~e4. Tb!• .. ®ae bf" DOtiQ£ 
bolt its oolot' c~ed.. 
aw av• a •i"i•m Ila ol oat. a\ aU. tbnce 1-pera'"!a :ta ta :lltq 
bule ~ - pi 0.4 - s.v. !hi 1e i.n. a~t wita nn don bT rd 
ot t 
Un ot ae\ ~- w:ltl\\ ~lug ~. I.tit.we the ~ s»ln\• t 
Ume et nt. 1-,rN.llietl 11.t.tb ~~- pL :rut.tine J.OB tin et lt &p1ufit 
ta 
g& ct e.a naulta Ml'• ob~·~._.. 1a au ant., or ~l7 ao, 11ith 
prer1auo ~k. ?Mi elope flt. the~. oa ~h 4......, i»Utive, - 11.rl:y 
d~$1it be~ . .. .i., Cel'O.,. ~ ._ 'goo - to up.Uva Yo.l.Ues .. Graph I: 
na plotted v1th pii ,qd.n.at v$l.Jlu o~ b7' UJ.ltlplf'itl« \be £U.o.i;Jea or 
~ Mid i b7 2.1 It, i.e •• p ep!n1t etteot. ot tr~~ m tim. ot 
•• 1411' ill t.he ~be.r' reup. The ti.Ma give in the tt.;)l vc the 
avenp rd eta and aw• ~ ~1-o. ff# flight. 41.flvw~ nas,, ill the 
U.s ot <m• lndi:v!Qal rGn £uU.ns. cloM to&•~ 11 l'd.A ~tat error .. 
hoit Gr ph 61 • n t.he ~lo ot tt. cu.t'IY a e-. t1!0rfi. podt.iYe to neptl••• 
ta pa.rttcule In golae t:roa a ot ia.113 to oae or l.O .. s, or m tteid· vol~ 
ot 20 c.c. to l. o.o •• it••~ tkt U°'Ma •~~•gel wi\b a pB 
between l0.43 Gd l.0-.$ t \ ~ g!:r• e 11'1*>ftta.1. CU1"f'e w1t.h Mre· al.ope, OJ" 
1n. otl'ie!* worcu • 1el '.llith utd ~ b ......... 19 ~d &0 t.bat WOll -' ind .... 
~t t:4 t~··~ A g tl. with 19~6 o.c. of S'8 •• tr.led. ~ a 
toUll.'ld to -•t n&:rl.7 la4iep:madenfo ot t811p· 'ft\~ At, 00 tt. toot ·12.a Id.mt~•• 
at. 7.fl' lt \Qolc u.u 1!!.ml't$S} at. UP .... 11.n .... Miii .. , n.P - u ldtmtu1 
at iii'> - ll.42'. aim\e11. froa ~· 11. OD. lit• tteec "1' uot.bg tbe pi when 
t~ ·OUl"U'8 ewe o t:t• pa a:d.•, that Cl. ~ ...-!D4 •pH t ~t m .. ~, or ac 
W vol\1ae. ot l.9.4 m- J.O,,.ifS o.o.,, ehou.l.d set a ent. or tbe ·1I09"'\'ill"'lli#C 
tt tl4• p! er 10.e,, a~ ot •oro tllope ~be o\J~d. It teOUl..i htlT 
b •er:r int.ni.a~ to ~ a gfl;.l w1th tbla pH. tt ia - l'd ~ ~ba.b 1.. 
t t 'W.G l #OUl.d 14«$ 8 t S»de~t 0£ \d~le b~a Q ' cu.n' a 
on Gl"APb .S, 1. e. • U• .au · S1tf: 1 USUMd ti'•' 1n stag: from • ou::r¥e ot 
~ti._ lope 'to a Wf'Y'& ot n~n lope,. ,. CIUYe •~d be o'bteJ.ru,d .. 1 
ot l;l.4i <rt" a ac d •~• ot 19 ... & • • • # t .. ~ •lid.ch ga'We a ~ with & 
a.rly ~ sl.~. 
't •61.ue• eh~ \'q •w.:tii)~i t. iJlopn or ~ 
w-. .. ...,.,. 4 ad i b7 :..1 I etm ·t>e looked u M?ft•etlUftl the ettat ot 
~~~tun en \ha tin ot Ht. TO ~~ tho e~g, ct tJe lopcta OQ 
prob 17 '°"° a ~ m - tflCdit\t t.o ton 
~ ~ ~ tmdlal to de·~ the 11;el ol!' Fl"OGnt iv tor•t1 ... A c.l the 
l.& did aet · t t.1lo e oi" GUM.fl}T gh plil,. 
~ to tora pl. 1 aw ot' r 
c~ pli, • . t l.0.4.t't. t .. ~ctlon teodiq to au \la £f:l " t bl~ r 
~tuns 1 otrq , tbu.l tiu .a re ot!on a't c. Butt re~ltot 
r ·.etlaa • •till ill tG.vor ot t. ,f'oratlon ot the 11 f!~$l<rt , one dod 
ton al.t.~h lt. taku 8. loqv t.1• ti sa.SQ then 1.t de a~ c. 
oh m • wrk bould. bo ~ along ~bi• ~ to \rJ to nrk out a 
u. 
tn ~~ialn- •oul.d :a., b•t\U to wr,;.e ~d.th,bea.uso et al. - t.e~eat.u •• 
~ ~t1oa of.' t• ~u~ votW:i b• ~Uite ~eciabl•. oi· =~~ ~ •bro 
l«>ric~ c,t. ~ 'tiJi)Pft'&Wffa;, t;:;;.a d&.ngel' ot tn ain or u.lta 4r1 tJ.::.UJ.11.n t 
.t\hout.d ue lo~ .tor-. 
4 alit!llt. gB dritt. wu obaerved u U. &el• G t. It. waa atadl•d 
~u l1t"l:vmlr. 1iaeh lei~ it wu lti&d 'Ve\ up :\ .2 - .ts pM mil.t.~ 
•itblD a half' u .ttw i~ _. al.ad. Tl'iiit a..ttt towrd o rb !" pS 1 
PN~1" d'1 to t.Q 1'W$\ tbat the eora ~ e.o1d• that ere t01!'ae4 dU• to 
~-u.on of t~ ~t' Aeldll 3": .nc:t u hi.&!'AT ioau ao :e.· ~l 
t M ~ 1-g:kming• wd t.1.1.....ro:Pe tt.e al.uUQQ b~ 
li.lu:H s ~ 1"• 1l.mis.d •aide ... t&~.. .:i~ k<J' or l 
tbia ~ti drift u ao t$U.O.o. f'or, •~4ici'4" • let. u ~ ti the bet · t r 
are ortt~ nt1.1c1o now al®Uln Si(Oa.)4.. In t ~e, fer tff'tnty Si 
a~c tJ~l'CI M"ti 4 CUl g~ l'Oll which the li ion OM ionise,. .la l.t 
eoAd • tQ .torm _,.., w:Glllp'lu ot~. ~ re l.$U ~ l-eea OR tor 
eh Si ~. f'o;r &xatapl-) iwo ( a>4 twl.aU:Ua ~u, aeid 
i&Si,07 cen be i"Gn.ffd• \':bell e Si(OBJ }.fl(mle*3 ®.W!Mls.1 the acid 
~ ca b f<>~i. ! ~pm 'ltloat.1' •i• t •• ~& • ao~ 
to form preeUo.U, 'Wldis1ooU. ••\er .. 
Saol a ~t pll dd.tt 1s 
ot t ~ etia't.e toJ<: 
tn order to J.lV~ a qwmt1tat1n atud.y or tho p! dritt, U>re 
c \tr to mo · ""' ot d•~~ pH.•• un the buio 11.de t 
t.c~i ~ tdl. m•e tu ._ d 1•e4. 
lt .. 
'!'be aftCIC't Qf --flll'lllQre 
acid- 18l~ uds 01 w1:dft£ nlutice or 
., on t!Ao 1.1- or et, or iw u.u 
ud~~UWMnudi -• 
.~he basi.c npQQ na ~ , U$1llf u.ru dU't•~t ~~Ntllfta. 
Thtt p.il' t11 at ~- mt~,. U.. of ut tor t au U• on t, 
alk-1~ -aid-e •
..Abo" 4 p-a flt 10.•U~~ 't- 6@lfl &t QO C,. took. a •l'.o-rlft 
• t. ~ ~ll~ at n.10 Mid as. 0 c.. lo• t.h1a-. > a-~goat 
A. pl ring~ pa ot 1' .. 44 •• toW»d 1io .et vq lA\.l~~=t t t-~~- 
Tbe ~· ot pll ho• ~i.. of ai:d.n a1 U • It 
iacna .. ut .k - .is pi wait.a. 
• 
10W J,. Ctat:~a ll 
'~~~.1°c. 1/T = .o; ~ 
15 c.e. of u1-.te 
Rah Bii q .•• ..JW! l.\M fmh.l 1.Q£ 't&a 



















• u • f;1 
n 
a » a. • I& 
































































•• IWl =· !ma.2 1'u: u.u 
Im •• -.as 6.8 • ,,.:aQ -·'21 f.4 n .. 1.1G -.899 & .. o a .1sa -.13? a.a 
19 .2l.e -.SIS 8. 
&) .. &a ""'·'" .9 a .4&4 -.sa 9.Z a .7iQ -.w '· SI l. •. us .ass w.1 M 1.98 .t.11. l.0.1 







8 .. $ a.1 a.:a 




10.'6 ao $ 
10 .. H 
Ui.U l0.7 
10 .. 11 
Slope at CQt'ft!& on Gnptua 4 &lld S 





l.O,.GC> s, 0 
8,$20 








l tblaea ""'J<. Pht•• Che.a. 22,, .UO (UV!) 
2 i'rahu Atlrl Bat.tlanpdi - 1. ID.ct. Cbea • .soe. a, 91. (l.929) 
~ 1fo 1d.cll - Thtt&bl, Ouion Colle • 
4 ad Letu:rcm "" I. P a. ~ 55, I (1952) 
1 Olen .... &tft1dno.uoa }9'droa• Iouo 
' 
~ 
tt& - The-rd.a, om.on College 
_,....,...}.. ~1- 2 ~ s (l.958) 
gol.t.bc>tt - pB ud !1.cU-0 titratio • 
~ - Ooll.oidal Bek-1.or 
181pora.q - CoU.01¢1 
Bud -1. PhJ"L Ch&L .COt n. (lUS) 
1'd ~ G:riff•tll .... J. p ... c-. 39. lU5 (lt&S) 
